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Vo I, Arkharov end ¥, N, Konev

STUDY OF REACTION DIFFUSION IN "IFTAL - COMPCUND GAS® SYSTEMS

1, GENERAL FICTURE QF FHENCMENON

1, Ratjonal Basis for Cryani-ation of Aesearch on Resction Diffusiog

in “vetems Containiae Cemround Cas

The £ction of & chemicelly maotdive gas meldiuz on surfac§ layers of metallie
products occurs in two inportant arems of the industrial practice, such as,
firstly, in the chemical treatment in ga2s nelia end, secondly, ic the serviée
life of rroducts when they are surrounded by aggressive gesseous medis,

particularly at high temperestu-es (gas-induced carrosicn),

In all these cases, there energes an? Acvelors the rrocess of the so-called

reaction diffusion, iz which a layer of products resulting from the chemieal
reaction of netal with gas wedium (viz. tae 2rcss) eppears on the outer
surface of metal; a further process of their interaction is effected

by the Aiffusion »f etoms or ions of metellic ani goseous componentis

.. -ough the layers . jroiuced »#olid phases, co. sined with chenical reactiona
{z. bouz?ary rocec near surfaces re;arating "metal - Adross® and *dross - gas
rediw:", &8s well as on bouniaries betwcen layers of roaction products - rlasee

(Mrearing in cox;csition’, wiern several of them are 2eveloped,

Lweroas researches we=e conduct-3 in tiis imjortant area od physico-
-chexical protlems. Refraining frox their lctailed review, we can nots

that thess researchas were concerned mainly with exsmining
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the processes of reaction diffusion in binary *solild metal - é@a' systeme,
whose both components ars chemical elements, e can refer also to numerous
resesrches of the same kind for more conples syaters of Lhe *solid alloy

of metals ; cas® type, in thch seversl chexical elexents (alloy components),
interacting yith one gaseous element, participate on the side of the initial

solid mediuml.

7 course, the stu?ies of these svaterc arz rore interesting from the vievas
nolnt of practice in which tae sllove are erployed almost conatantly
inatead of pure retals; however, at the same time, they are more difficult
£or researches than the binar} syrtema, 3Sut, if rrectical intereste
are ?iscussed, we must note that the nracticel requirements corplicate

etill fu~tner the ressarcres on reaction di

V¥ SR S e mrseem M
ffusion, bscauss of an ever=increesing

nurber of cases encount:red in rractice, wherein nct only the initial solid

me?ium but 8leo the ~eceous z~iiuw contains several chemically active

compcnénts inz1l.ded in the cocposition of developed, dross-layer forming
£0l4? phases, Thus, for instance, rarts of equipment ir some branches

0f ansineering experience the uction of fusl-corbustion rrolucts, containing
fip aiditio. to rasidual oxysgen) also the com-onents which yield,

fromw the jeseous phese, sulfur, carbon an® otaer sle--nte participatiag

ir %the 3rocs forrmtiony besides oxypern, also nitrogen, etc,turn out to be

3
&

‘lare we may inciuie also the cases wherein the gasecus medium contains,
apart frcz an active chemical element, likewise othier neutral clements,
i. e, tooee no’ coo;riesd In the composition of chexical compounds

produced on the surface of metai,
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chemically active for certain metals and alloys during their oxidization

in atmospherie air,

The multicomponent nature of the system causes a comrlication

of the reaction<diffusion process in two respects,

Firstly, an incresse {n Lhe n.zher of syatem comroneats result-
in a groving variety of nmscent intarre?ismte phases in this systemy
these phases differ in corposition and structure, which complicates

decoding of the drcss-constructicn ricture,

Secondly, variation' in the 2iffuefon penetrauce of intermeiiate phases,
caused by differences in their structure and coxposition, induce vari&
in the total ccurs» of 2iffusion through the entire rultilayer dross

upon the whol., i, e, corrlicate the picture of reaction-diffusion kinetics,

Ir forrilating the general goal of studying the reaction diffusion
particulorly, the gas corrosion and technolegical processes involved
in production of neat-resistant coatings) Zor seering prectical msthods
to repulate these (rocesses, it ie possitls tc emteblish s large group
of more specisl problexs wnjch mey be Jescribed as zrotlerms of stuldying
the reaction-diffusion mechanisn in systems belonging to the type
of *sclid eiemsrnt (patal) - mixture of two chemically active gaseous
comporents® (in the yresence Or absercs of nth¢r neulral ganvecun coxponents),

For the sake of brevity, such syst:ms can oe Aesignated by the syxbol

T O O Trooslater's Roks: footoote< appears oo the next page

of this translstiom,
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2
ve anssupe that X' and X® do not interact in tha guseous phase

and, consequently, du not rroluce gaseous compounis of the 1'..' ‘!; type,
whose ‘nteraction with metezl may 2iffer froc the interaction of I* and X°

with metal,

5 Factors [eterpirdni Formation of Stracture in Diffusiop Iavers

erd 7ineting of Zeactjon piffusion {n Systera of *Fp « (X'+ I')':Tm.

A, -imifizarce of the tvre of siate A{p,m~s for binary ani terrnary

avatems of mle—ents rartici-ating ir tr- reaction Aiffusion,

”m

Tre phemes which may develep in the constitution cf drose :‘u.i"ing a reaction
A{ffusion in the *he - (X'+ X*)* system, ar vell as tae chemical cocpoeition
and the erystallic structure of these rhrsas, are Aetermined, Tirst of all,

by the state 2iagram of the ternary e « X' - X* aystex; ternary chenical
compounds, deve'oping in dross, are container ir this 2isgram and they emerge
sc a simulisreous diffusion of X' an! * elerents, adsorbel fran the gaseous
rediu= on the surface of tie solid rhase an? intc ¢he depth .f the latter,
Jhere diffusing atare (or fons) of Y' axd Y* ercounter ths atoms (or foms)

of Me, The chemical interaction of turee cozjonente will form, at the sape tiie,
s dross wit: a diversa phase corrasitior, sczordins to 2ifferences

{n the cheraszter cf -seu'o-binaTyr stale A{a;Tams [r~uced by chexical

compounds vhich are conteinsd 4o binary systers of e - X'* and "Me - X"),

Lo W
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we shsll examine threa principal cases of a nricéua combinatioc
of these componls, i, e, principal ‘ypea of auch pa:'_puio~ ~jpary systems
suat correspon? to principal variesnts of the reactio:l_.\-r‘iffunion prucess
{a *le « (X*'+X°)® avatems, 2 =hall assune, at the ;s'a:e tipe, tuat =2veryome

of constituent binary s;stezs, ie « X' and Me - X*, dontains one chenisal

e 1
corg-ound, em}'.:'l eald e Xq, res;‘ective]\f..

Fipst Cese., The paeulo-tinery stete Aegrar Wi ttie urlizited recirrccal
Aiesolvatility of comrourdfs rroduced in binery 9;.'5?.»::.!"'. of l's - X! 21.

an‘i I'h - x-.

During the corjunct reactior 1iffusion 0f X' an? X* elements into the solid
oetal Me we shell Lave g forcaticn of Aroes consisting oF one rhase
with gralients cof the concentration in 2e th for both cormorents,

m

The coumpositior of this rhase can e “JesisTmatel :,:,r'rmtionnll" by the forru
(€ e T )0 MG e g )] 4 vhere g emal,
\.—'.*.ereing/ﬁ‘\ terenis on the relstion of partisl pressures of X' ard X°*
ir. the rssecus reliuz, snd oo the legree . of the chemieal affinity
of iheae slements to ~ktal; & and 43 vary frow ~inizu. values on ths outer
surface of “r-es to reximuz vyalues on tha Arcss-metal douniary; at tre fame tice

the relatiirc >&n andfikq, are retaine?

In the pres=axze of a large nuster of interzetiste phaces in dlracy
system.!:o analveis of & role rlave? by various ceebinations of cypes
of such aycters in the general ramction-11ffusicn process requires
texing into scoourt s corres;ontingly large number of atate diagrema

of preudo-dinary systems of the Vol - MepX3" type.

-5
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In 8 speciel caze, when ornly solid snlutions of X' or X* 4in Me
are produced in constituent binary <ratear, i, o, (e, X') and (Me, X*),

the dross wil.: consist of the ternarv solit snluticn,

Secon? Caza. The rseudo~tinary atate Almcrar with a lirite: Adissolvability
of X' ard X* in Melg and E-sz,; comsun?se, Jera the Aroers structure
will Lave another form; the outer laver will conziste of tae phase
with a higher content of this narticular alerent (X' or X*' which is enlowe?
with a lower diffusion mcbilitr, 17 we scsume that the 4{ffusion robility
of ¥' iz lower then taat of X°®, then tie oduter lever will consist
of the rhase “";;(7;;.'3 I's), snsre 8K n. AL 2 arecific "er*y in the dross,
there 1s a possitility of e rranca end develorment of a larer of ancther
rhase with an increased concentration of this rarticular *gaszeour® elswoent
which ia an?owed with a aigher 2iffusicn modility, wviz, the phase

:bpx'x- s vhers g &g

t g-¢

(for the exasrle preseried above),
Y

Third Cose, Wo dissolvebility of X* in mexr; and of X' {o Fﬁ,{;.

z

Ir. this case, the Aif erezce in tie ~nerical affinity of X' sn4 IX*
to ke plavs & principal rcle dn ae forrsticn of droes simocture,
At the very tacinning, thsre Zevalo;s on the mmial surf€ace a layer
corposed 0f the Thase exie*ins {r ths binsry evatenm which i{= Troduced
by Me  ‘tn thie particular ele-ent [ef*her X' or X°) that Las a closer
chazical affinity to re, ray, £ icstance, wit> X' (i, e, the layer

consiste of the le Xp Thase), Dus to the fact that the other elemsnt (X*)
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is pot 2issolvable in this layer, the latter rrevents X" fromw nenetrating
to the xeotal snd from profucing crmrounds present {n the second binary
be « X* system, slthouch thess comrounis are therwoiynerisally stable

under con*itions of the rrocess, sirilarly to comnounds in the e - X' system,

by Sienificacce of the tvpe of the crvstzllic structure of phases

Lroduzed {r the dross,

‘Tae arove exposition makea It clear thet ~Aiffer=nces in the rate
of AitTueion of comscnents through the lpyers of rhsres - reaction producte
are very imnrortant for the drose formetiony &t the scame time, thece
differences become sgtablished to s Aifferent extent fof var;ous layerse
of %ie dross; sccomin-ly, e Tore or lecs complex distribution
of the de~th concentration of comrcnents i.. tie éross Teco.e2 established,
In tura, the Aiffucion rate of comronents is ﬂeterminee by»crystellochemicel
characterietics of prrofuced phases, such as the crystallogrsrhic type
of lettices; character and magnitulde of forces of the interatomie Lol
ir thege lattices; ratios of atomlec an? ionle radil of commonentsy

niernicy of rhases to the %ﬂveloyment of vacancies; relative Aimensions
of interstices an? aioms; tvpes of the solild solutior of X' amd X* components
1in the lattice of the chemical corpound snd, in ~articular, the type
of the solid solution produced by & more raridly Aiffusing component
(for instence, X*) in the lattice cf compound of a le=zs slowly diffuaing
component (X*) with metal, 1. e. in the lattice of Fe X33 X% phase,

which constitutes in the given case the outer layer of dross, Ip wsiditica

—
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to these prineirai factors, ‘icre are some seconiary factors, depeniing
on ppincipel ones, whichn are hignly ir-ortant for the diffusiom in 20144
rhases, These seconiary factors inclule tle continucusly stable
distortions of structure; mosaic nature an? submtructure of crystallites;

the prezence of intercrystsilite bonlings in polyeryatals, ete,

Tue eryetallogrephic typs of lattices and@ the character of bondin;-forcea
ir thes2 letlices determine also the mechaniam of these solifaphase chemical
reactions (phase *ransforua;ions) which occur during the reaction-diffusion
proceas on boundaries of 2ross layers. A speciel place in this group

of phenomsna,constituting the resction diffusion, is cccupied by the chemicai

adsorption of caseocus corponents on the outer surface of the droms,

The necevaity of a detalled stuly of the éross structure upon the whole,

en? of the structure of ite individual constituent homogeneous lavers,

]

ia caused by Lhese considerations .

4
In addition to the above indicated factors, viz, the pnase cczposition

snd structural relation of the Jiffusion in each single-rhase layer of dross,
in order to gain an understanding of kinetics of the resctior 4iffusion

upon the whole, it is necessary to take intc account s number of supplerental
factors, particularly phase dransformations in retel when X' and I"®elements

(or cne of them) dissolves ip tiis metal, thus changing the corditions

and rate of the chemical 1eactiocn on the metal-dross doundary; further on,

in scwe cases it is n._ceseery to teke into consideration the possidility

S
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of the forration of solid rhases, resulting from cherical reactions
in the gaseous medium, on the surface of metal (or érosa). This can delay
the penetretion of X' end X* atoms into the <ross, or the exit of Me atoms
{diffusing from inside) on the outer surface of thé 3drose, This ray changse
also the atructure of dross, inasmuch as its outerilayer will become snbjeﬁt
%o change? thermodynamic conditicns due to.a eiffer;nf concentrat ui

of X' apj X" on the outer surface of daross,

-
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